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Description 

The present invention relates to a process for producing phenol and methyl ethyl ketone. In particular, it relates to 
a process for producing phenol and methyl ethyl ketone from sec-butylbenzene used as the starting material. 
5 There is already known a technique which comprises oxidizing sec-butylbenzene into sec-butylbenzene hydroper- 
oxide and then decomposing the sec-butylbenzene hydroperoxide with sulfuric acid to form phenol and methyl ethyl 
ketone (JP-A-48-80524). 

One of the quality standards required of methyl ethyl ketone is a standard regarcfing to its purity and potassium per- 
manganate fating (JIS K 8900). The methyl ethyl ketone obtained by the aforesaid technique has a problem of having 
10 difficulty in meeting the above-mentioned standard regarcfing to purity and potassium permanganate fading. 

For purifying methyl ethyl ketone, the following processes are known heretofore. JP-B-45-41205 discloses a proc- 
ess which comprises decomposing t-butanol, which forms an azeotropic mixture with methyl ethyl ketone, into isobuty- 
lene by using a zeolite catalyst and then separating it from methyl ethyl ketone. JP-B-57-35167 discloses a process for 
improving the potassium permanganate fading of crude methyl ethyl ketone by bringing it into contact with hydrogen in 
is the presence of a catalyst containing rhodium or platinum. Further, JP-B-47-33323 discloses a process of removing 
aldehydes contained in methyl ethyl ketone by forming adducts of the aldehyde with an alkali metal hydrogen-sulfHe or 
alkali metal sulfite. These processes, however, do not give a sufficient purification effect when applied to the above- 
mentioned technique of obtaining phenol and methyl ethyl ketone from sec-butylbenzene used as the starting material. 

Accordingly, the object of the present invention is to provide a process for producing phenol and methyl ethyl ketone 
20 which comprises oxidizing sec-butylbenzene into sec-butylbenzene hydroperoxide and then decomposing the sec- 
butylbenzene hydroperoxide with the aid of an acidic catalyst to form phenol and methyl ethyl ketone which process can 
give a high quality methyl ethyl ketone and can remove impurities. 

In order to solve the above technical problems studies on factors which exert an influence on the purity and potas- 
sium permanganate fading of methyl ethyl ketone have been made. As the result, it has surprisingly been found out that 
25 the main substances which exert an influence on purity are phenol, sec-butylbenzene, carboxylic-acids, carboxylic acid 
esters, water, ethanol and acetone, and the main substances which exert an influence on potassium permanganate fad- 
ing are unsaturated ketones and aldehydes. 

Thus, the object of the present invention is achieved by a process for producing phenol and methyl ethyl ketone 
from sec-butylbenzene used as the starting material which process comprises the following steps: 

30 

an oxidation step (A): a step of oxidizing sec-butylbenzene to obtain an oxidation reaction liquid comprising sec- 
butylbenzene hydroperoxide as the main component, 

a concentration step (B): a step of concentrating the oxidation reaction liquid by distillation to obtain from the col- 
umn bottom a bottom liquid comprising sec-butylbenzene hydroperoxide as the main component and from the col- 
35 umn top a distillate comprising sec-butylbenzene as the main component and recycling the distillate to the 
oxidation step (A), 

a decomposition step (C): a step of bringing the bottom liquid of the concentration step (B) into contact with an 
acidic catalyst to decompose the sec-butylbenzene hydroperoxide thereby to obtain a decomposition liquid contain- 
ing phenol and methyl ethyl ketone, 
40 the first neutralization step (D): a step of neutralizing the decomposition liquid with an aqueous alkali solution, then 
separating the resulting mixture into an oil layer and an aqueous layer, and recycling a part of the aqueous layer to 
the neutralization step (D), 

the first distillation step (E): a step of subjecting the oil layer obtained in the first neutralization step (D) to distillation 
to obtain a bottom liquid comprising phenol as the main component and a distillate comprising methyl ethyl ketone 
45 as the main component, 

an alkali-washing step (F): a step of washing the distillate obtained in the first distillation step (E) with an aqueous 
alkali solution to remove carboxylic acids, carboxylic arid esters, unsaturated ketones, and aldehydes, and then 
separating the resulting liquid mixture into an oil layer and an aqueous layer. 

the second neutralization step (G): a step of neutralizing the oil layer obtained in the alkali-washing step (F) and 
so then separating the resulting liquid mixture into an oil layer and an aqueous layer, 

the first purification step (H): a step of subjecting the oil layer obtained in the second neutralization step (G) to an 
azeotropic distillation using an entrainer to obtain a bottom liquid comprising methyl ethyl ketone as the main com- 
ponent and an overhead liquid containing water, and 

the second purification step (0: a step of subjecting the bottom liquid obtained in the first purification step (H) to dis- 
55 filiation to recover methyl ethyl ketone as a bottom liquid and recycling a overhead liquid to the alkali-washing step 
(F). 

The process of the present invention is described in detail below. 
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The oxidation step (A) of the present invention is a step of oxidizing sec-butylbenzene to obtain an oxidation reac- 
tion liquid comprising sec-butylbenzene hydroperoxide as the main component and is conducted, for example, as fol- 
lows. Liquid sec-butylbenzene is made to contact with an oxygen-containing gas at a temperature of 90-150'C and a 
pressure of 2-11 bar (1-10 kg/cm 2 G) to form sec-butylbenzene hydroperoxide. 
5 The concentration step (B) of the present invention is a step of concentrating the oxidation reaction liquid of the step 

(A) by distillation to obtain from the column bottom a bottom liquid comprising sec-butylbenzene hydroperoxide as the 
main component and from the column top a distillate comprising sec butylbenzene as the main component The condi- 
tions of distillation in the concentration step (B) are to be set in short, so as to give a bottom liquid comprising sec-butyl- 
benzene hydroperoxide as the main component and a distillate comprising sec-butylbenzene as the main component; 

10 they may be, for example, a column bottom temperature of 50-150°C and a column top pressure of 1 .3 - 266 hPa (1- 
200torr). 

The decomposition step (C) of the present invention is a step of bringing the bottom liquid of the concentration step 

(B) into contact with an acicfic catalyst to decompose sec-butylbenzene hydroperoxide thereby to obtain a decomposi- 
tion liquid containing phenol and methyl ethyl ketone. The acidic catalyst used may be sulfuric acid, sulfuric acid anhy- 

75 dride, perchloric acid or phosphoric acid. The acidic catalyst is used in an amount of usually 0.01-1% by weight The 
decorrposition temperature is usually in the range of 50-1 00°C. 

The first neutralization step (D) of the present invention is a step of neutralizing the decomposition liquid obtained 
in the composition step (C) with an aqueous alkali solution, then separating the resulting liquid mixture into an oil 
layer and an aqueous layer, and recycling a part of the aqueous layer to the neutralization step. The alkalis used for neu- 

20 tralization may be the hydroxides, carbonates or bicarbonates of sodium, potassium or lithium. The alkali is used in an 
amount sufficient for keeping the pH of the aqueous layer usually at 5-1 1 , preferably at 6-10. The temperature is usually 
from ordinary temperature to 90°C. The weight ratio of the oil layer to the aqueous layer is preferably 0.5-5. The appa- 
ratus used is selected so that it may ensure a thorough contact of the liquid layer to be neutralized with the aqueous 
alkali solution and subsequent separation of the oH layer from the aqueous layer; it may be, for example, a vessel 

25 equipped with a stirrer, line mixer or pipe mixer. In the first neutralization step (D), it is preferable, in order to decrease 
the amount of waste water, that a part of the aqueous layer once used in the neutralization step is recycled to the neu- 
tralization step and used again. Though the salt concentration in the neutralization step increases resultantly, it is pref- 
erably maintained usually at 1-30% by weight. The oil layer obtained in the first neutralization step (D) is sent to the 
subsequent first dstillation step (E), while the aqueous layer (or, when a part thereof has been recycled, the remaining 

30 aqueous layer) is discarded. 

The first distillation step (E) of the present invention is a step of subjecting the oil layer obtained in the first neutral- 
ization step (D) to distillation to obtain a bottom liquid comprising phend as the main component and a distillate com- 
prising methyl ethyl ketone as the main component. The distillation conditions may be, for example, a column bottom 
temperature of 150-200°C and a column top pressure of from normal pressure to 667 hPa. Further, in order to prevent 

35 the sec-butylbenzene contained in the first distillation column feed from leaking to the distillate side, the concentration 
of methyl ethyl ketone in the first distillation column feed is preferably made high. For example, it is also posstole to recy- 
cle and feed a part of the methyl ethyl ketone obtained in the third distillation step (lb) described later to the above-men- 
tioned first distillation column. 

The alkali-washing step (F) of the present invention is a step of washing the distillate obtained in the first distillation 

40 step (E) with an aqueous alkali solution to remove carboxylic acids, carboxylic acid esters, unsaturated ketones, and 
aldehydes. The alkalis used may be the oxides, carbonates or bicarbonates of sodium, potassium or lithium. 

The alkali is used in an amount which will give a pH of the oil layer in the alkali-washing step of usually 7 or more, 
preferably 10-14, more preferably 13-14. When the pH of the oil layer is too low, the removal of carboxylic acids, car- 
boxylic acid esters, unsaturated ketones, and aldehydes tends to be insufficient. The alkali is preferably used as an 

45 aqueous solution, the concentration of which is preferably 10-48% by weight The weight ratio of the oil layer to the 
aqueous layer in the alkali-washing step is 0.5-1 0, preferably 0.5-4. The weight ratio of the oil layer to the aqueous layer 
and the pH of the oil layer in the alkali-washing step are closely correlated with the conversion of isobtrtyraJdehyde, 
. which adversely affects the potassium permanganate fading. That is, when the pH is the same, a lower weight ratio of 
the oil layer to the aqueous layer results in a higher conversion of isobutyraWehyde; when the weight ratio of the oil layer 

so to the aqueous layer is the same, a higher pH results in a higher conversion of isobutyraWehyde. Therefore, by select- 
ing, within a range permissible from volume efficiency, a low weight ratio of the oil layer to the aqueous layer and a high 
pH, isobutyraWehyde can be efficiently converted and removed. The apparatus used is selected so that it may ensure 
a thorough contact and reaction of the oil to be washed with the aqueous alkali solution and subsequent separation of 
the oil layer from the aqueous layer; it may be, for example, a vessel equipped with a stirrer. More preferably, a corrtin- 

55 uous mixing vessel equipped with plural stirrers or a reaction apparatus of liquW-liquW extraction type is used. 

The alkali-washing step (F) is a particularly important step in the present invention. That is, substantially the whole 
of the carboxylic acWs, carboxylic acid esters and unsaturated ketones and most of the aldehydes contained in the dis- 
tillate obtained in the first distillation step (E) are removed in this alkali-washing step. The contents of the carboxylic 
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acids, carboxytic acid esters, and unsaturated ketones can be reduced respectively to about 0.1 ppm by weight or less. 
The content of the aldehydes can also be reduced to about 10 ppm by weight or less by appropriate selection of the 
weight ratio of the oil layer to the aqueous layer and the pH. In this alkali-washing step, however, it suffices to reduce 
the content of aldehydes to about 400 ppm by weight The aldehydes can he separated in the third distillation step (lb) 

5 described later to a level that passes the potassium permanganate fading test. 

The carboxylic acids referred to herein are mainly acetic acid and formic acid, which cause the problem of corrosion 
of the production apparatus. The carboxylic acid esters herein are mainly ethyl acetate and ethyl formate. In particular, 
ethyl acetate has a problem of being insufficiently removable by distillation alone. The unsaturated ketones herein refer 
mainly to methyl vinyl ketone. When methyl ethyl ketone contains even as low as 1 ppm by weight of methyl vinyl ketone, 

w it cannot pass the potassium permanganate fading test. Furthermore, methyl vinyl ketone has a boiling point differing 
by only 2°C from that of methyl ethyl ketone and hence can hardly be separated economically from the latter ketone by 
distillation. The aldehydes herein are mainly acetaJdehyde and isobutyraldehyde, of which isobutyraldehyde has a boil- 
ing point near to that of methyl ethyl ketone and cannot be sufficiently separated economically by distillation alone. 
When methyl ethyl ketone contains even as low as about 50 ppm by weight of isobutyraldehyde, the ketone cannot pass 

is the potassium permanganate fading test Further, in the alkali-washing step (F), 3-methyl-3-buten-2-one is newly 
formed from methyl ethyl ketone and formaldehyde. When 3-methyl-3-buten-2-one is present in methyl ethyl ketone 
even in as low an amount as 2 ppm by weight, the methyl ethyl ketone does not pass the potassium permanganate fad- 
ing test, but the unsaturated ketone can be separated in the second purification step (I) subsequent to the alkali wash- 
ing. 

20 The second neutralization step (G) of the present invention is a step of neutralizing the oil layer which has been 
subjected to the alkali-washing. In more particular, it is a step of neutralizing the oH layer after alkali washing with an 
aqueous sulfuric acid solution and separating the resulting liquid mixture into an oil layer and an aqueous layer. The 
neutralization is preferably conducted because the pH of the oil layer after alkali washing is an important factor in the 
subsequent second distillation step (la). That is, in the alkali washing, a dimer adduct of aldol condensation type is 

25 formed from methyl ethyl ketone and isobutyraldehyde as an impurity. During the second distillation, in an alkaline 
region of a pH of 10 or more, a backward decomposition reaction of the dimer adduct takes place to regenerate isobu- 
tyraldehyde, and resuhantly an increased amount of isobutyraldehyde gets mixed into the distillate of the initial distilla- 
tion stage. As mentioned above, isobutyraldehyde is a substance which causes potassium permanganate fading. 
Moreover, in batch distillation the regeneration of the aldehyde is recognized in the initial stage distillate to cause the 

30 lowering of the recovery of the intended ketone and, in continuous distillation it causes the lowering of the yield. To pre- 
vent the decrease of the yield of methyl ethyl ketone which meets the requirements specified in JIS, it is desirable to 
suppress the backward decomposition reaction of the dimer adduct. On the other hand, in a neutral or acidic region of 
a pH of 7 or lower, virtually no backward decomposition reaction takes place and resuKantly substantially no contami- 
nation of the distillate by isobutyraldehyde occurs. Therefore, in the distillation of the oil layer after alkali washing, the 

35 contamination of the distillate by isobutyraldehyde can be prevented by neutralizing the oil layer before the distillation. 
The acids used for the neutralization may be e.g. sulfuric acid, hydrochloric acid, nitric acid. 
The acid is used in an amount sufficient for keeping the pH of the aqueous layer usually at 7 or less, preferably at 
6-4. The temperature is from room temperature to 90°C. preferably 60-80°C. The weight ratio of oil layer to the aqueous 
layer is preferably 0.5-4. The apparatus used is selected such that it may ensure a thorough contact of the oil layer to 

ao be neutralized with the aqueous acid solution and subsequent separation of the oil layer from the aqueous layer; it may 
be, for example, a vessel equipped with a stirrer, line mixer or pipe mixer. 

In the second neutralization step (G), H is desirable, in order to decrease the amount of waste water, to recycle a 
part of the aqueous layer used in the neutralization step and use it again in the neutralization step. As the result, the 
salt concentration in the second neutralization step increases. The salt concentration is desirably kept usually at 0.5- 

45 1 5% by weight preferably at 2- 1 0% by weight. 

In the present invention, further, it is preferable to interpose a water-washing step, which is a step of water-washing 
the oil layer obtained in the second neutralization step (G), between the second neutralization step (G) and the first puri- 
fication step (H). The temperature in the water washing is from room temperature to 90°C, preferably 60-80°C, and the 
weight ratio of the oil layer to the aqueous layer is preferably 1 -4. The apparatus used is selected so that it may ensure 

so a thorough contact of the oil layer to be water-washed with washing water and subsequent separation of the oil layer 
from the aqueous layer; it may be, for example, a vessel equipped with a stirrer, line mixer or pipe mixer. By the use of 
such a water-washing step, the precipitation and deposition of various salts in the subsequent distillation column can 
be prevented and a stable, long-period running of the distillation column becomes possible. 

The first purification step (H) of the present invention is a step of removing water from the oil layer obtained in the 

55 second neutralization step (G). More specifically, it is a step of adding a third substance called an entrainer to the oil 
layer obtained in the second neutralization step (G), subjecting the resultant liquid mixture to a heterogeneous azeo- 
tropic distillation, and removing a liquid mixture of water and lower boiling point components from the column top. The 
"lower boiling point components" herein refer to components having lower boiling points than methyl ethyl ketone, and 
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include acetone and ethanol. As the entrainer, there may be used a component which undergoes liquid-liquid phase 
separation with water and which has a lower boiling point than methyl ethyl ketone or forms a minimum temperature 
azeotroplc mixture with methyl ethyl ketone. Specific examples thereof indude hexane, cyclohexane, and heptane. 
As to the removal of water, a process has hitherto been used industrially in which two distillation columns, one oper- 

5 ated at a high pressure of about 6-21 bar (5-20 kg/cm 2 G) and one operated in the neighborhood of normal pressure, 
are used and methyl ethyl ketone is obtained from the bottom of the high pressure column and water from the bottom 
of the low pressure column (this process being hereinafter referred to as the high pressure process). However, the oil 
layer obtained in the second neutralization step (G) or the oil layer which has been treated in the water-washing step of 
the present invention contains, besides methyl ethyl ketone, hydrophilic lower boiling point components including ace- 

w tone and ethanol; in the high pressure process, these lower boiling point components accumulate at the column top. 
Though the lower boiling point components can be removed by purging a part of the column top liquid, when the con- 
centration of the lower boiling point components in the column top liquid becomes too high, the liquid in the column 
comes to undergo no liquid-liquid phase separation. As a consequence, the amount of the liquid to be purged becomes 
large. In actuality, therefore, the high pressure process can be hardly adopted in the present invention. 

15 JP-A-59-t 66205 discloses an example of a heterogeneous azeotropic distillation which uses an entrainer in the 
dehydration of methyl ethyl ketone and descrbes that water in methyl ethyl ketone can be removed by using this 
method. The first purification step (H) of the present invention, on the other hand, is featured in that an azeotropic dis- 
tillation is conducted by using an entrainer not only to effect dehydration but also simultaneously to remove impurities 
contained in the oil layer and having lower boiling points than methyl ethyl ketone, including acetone and ethanol, in a 

20 form dissolved in the distillate. The entrainer is preferably hexane, cyclohexane, or heptane, more preferably hexane. 
The distillation conditions in the first purification step (H) may be, for example, a column bottom temperature of 65°C 
and a column top pressure of from normal pressure to 20 bar (20 kg/cm 2 ). The distillation can reduce the water content 
of the oil layer from 1 0% by weight down to 300 ppm by weight and further can remove 80-90% of acetone and metha- 
nol. 

25 The second purification step (I) of the present invention is a step of distilling the bottom liquid obtained in the first 
purification step (H) to recover methyl ethyl ketone and recycling the overhead liquid to the alkali- washing step (F). In a 
preferred embodiment of the second purification step (I), it comprises the second distillation step (la) and the third dis- 
tillation step (lb) described below. 

The second distillation step (la): a step of distilling the bottom liquid obtained in the first purification step (H) to 
30 remove a tarry substance containing 3-methyt-3-buten-2-one as the bottom liquid. 

The third distillation step (lb): a step of distilling the overhead liquid obtained in the second distillation step (la) to 
recover methyl ethyl ketone as the bottom liquid and recycling the newly obtained overhead liquid to the alkali-washing 
step (F). 

The second distillation step (la) is a step of distilling the bottom liquid obtained in the first purification step (H) to 

35 remove a tarry substance containing 3-methy1-3-buten-2-one as the bottom liquid. In the bottom liquid obtained in the 
first purification step (H), a tarry substance exists which contains 3-methyl-3*buten-2-one formed in the alkali-washing 
step (F) and aldoi condensation products of methyl ethyl ketone, aldehydes and unsaturated ketones. In particular, 3- 
methyl-3-buten-2-one is a potassium permanganate-fading substance, and its content should be restricted to 1 ppm by 
weight or less. The present distillation can reduce the content to 1 ppm by weight or less and can also remove the tarry 

40 substance completely. Thus, it can attain the improvement of the purity of methyl ethyl ketone and the removal of potas- 
sium permanganate-fading substance. The distillation may be a normal pressure distillation at a column bottom tem- 
perature of 85-1 25°C. The bottom liquid is removed out of the system as a waste oil. The bottom liquid contains the 
dimer of methyl ethyl ketone formed in the alkali-washing step (F), the major portion of which remains as it was formed 
by adcfition reaction, without undergoing dehydration. When the bottom liquid is subjected to alkali washing again at an 

45 increased concentration, methyl ethyl ketone is regenerated by backward reaction. Therefore, if desired, a part of the 
bottom liquid may be recycled to the alkali-washing step (F). 

The third distillation step (lb) is a step of distilling the overhead liquid obtained in the second distillation step (la) to 
recover methyl ethyl ketone and recycling the newly obtained overhead liquid to the alkali-washing step (F). The over- 
head liquid obtained in the second distillation step (la) is completely free from impurities heavier than methyl ethyl 

so ketone, but it contains aldehydes which are not removed completely in the alkali-washing step (F) as well as impurities 
having lower boiling points than methyl ethyl ketone, inducing acetone, ethanol and water, which are not removed com- 
pletely in the first purification step (H). In the third distillation step (lb), these lower boiling point impurities are removed 
and methyl ethyl ketone of a high quality (meeting the requirements specified in J IS) can be separated and recovered. 
Isobutyraldehyde is removed to the intended or even lower concentration, substantially the whole of the potassium per- 

55 manganate-facfing substances are removed, and the resulting product passes the fading test. The distillation may be, 
for example, a normal pressure distillation at a column bottom temperature of 82°C. The overhead liquid which contains 
isobutyraldehyde is recyded to the alkali-washing step (F). At this time, methyl ethyl ketone which has leaked to the dis- 
tillate side can be recovered, and impurities having lower boiling points than methyl ethyl ketone are removed, via the 
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alkali-washing step (F) and the second neutralization step (G). out of the system as the overhead liquid of the first puri- 
fication step (H). 

As set forth above, according to the present invention, methyl ethyl ketone can be obtained which has very low con- 
tents of phenol, sec-butyibenzene, as well as carboxylic acids, carboxylic acid esters, unsaturated ketones, aldehydes, 
lower boiling point components, namely etna nd and acetone, and water and has a high quality with respect to purity 
and potassium permanganate fading. 

The present invention will be described further in detail below with reference to Examples. 

Example 1 

An oil layer liquid of the first neutralization step (D) was obtained, via the oxidation step (A), the concentration step 
(B), the decomposition step (C) and the first neutralization step (D), which liquid contained 26.1% of methyl ethyl 
ketone, 24.4% of sec-butybenzene and 33.5% of phenol. 

Then, 184 kg of the oil layer liquid was distilled at normal pressure and a column bottom temperature of 1 77° C to 
obtain 54.4 kg of a distillate containing 89.0% of methyl ethyl ketone and 1 19.70 kg of a bottom liquid containing 49.3% 
of phenol (the first distillation step (E)). Then, 50 kg of a 20% by weight aqueous sodium hydroxide solution was added 
to 50 kg of the above distillate and stirred at 70°C tor 2 hours to effect alkali washing (the alkali-washing step (F)). Ethyl 
formate, ethyl acetate, and methyl vinyl ketone were undetectable and the concentrations of 3-methyl-3-buten-2-one, 
isobutyraldehyde, and tarry substance were, respectively, 200 ppm by weight, 0.04% by weight, and about 1% by 
weight. Then 5. 1 kg of an 8% aqueous sodium sulfate solution was added to 20.4 kg of the oil layer after alkali washing, 
0.05 kg of a 10% by weight aqueous sulfuric acid solution was further added thereto and stirred at 70°C for 5 minutes 
to obtain a pH of 7 (the second neutralization step (G)). Further, 1 0.4 kg of water was added to the neutralized oil layer 
and stirred at 70°C for 10 minutes to effect the water-washing step. The oil layer liquid washed with water contained 
1 0% by weight of water, 0. 1 6% by weight of acetone, 0.27% by weight of ethand, 0.04% by weight of isobutyraldehyde, 
0.02% by weight of 3-methyl-3-buten-2-one, and about 1% by weight of tarry substance. The oil layer liquid was first 
distilled at normal pressure (column bottom temperature: 85°C) with hexane added as an entrainer, to obtain a bottom 
liquid containing 290 ppm by weight of water, 0.01 % by weight of acetone, and 0.02% by weight of ethanol (the first puri- 
fication step (H)). The bottom liquid was further distilled at normal pressure (column bottom temperature: 85-125'C) to 
remove 3-methyl-3-buten-2-one and the tarry substance completely (the second distillation step (la)), and the distillate 
was subjected to normal pressure distillation (column bottom temperature: 82°C) to obtain as the side cut liquid methyl 
ethyl ketone of a purity of 99.982% by weight (the third distillation step (lb)). The methyl ethyl ketone thus obtained 
meets the requirements specified in JIS also with regard to potassium permanganate fading. 

As described above, according to the present invention, in a process for producing phenol and methyl ethyl ketone 
from sec-butylbenzene used as the starting material, a high quality methyl ethyl ketone could be obtained which can 
fully meet the requirements regarding to purity and potassium permanganate fading specified in JIS. 

The quality standards specified in JIS K 8900 are as follows. Quantity 

Methyl ethyl ketone, when tested in accordance with the test methods described in Test method below, shall con- 
form to the requirements specified in the following Table. 



Table 



Item 


Guaranteed reagent grade 


Appearance of aqueous solution 


Within limit 


Specific gravity (20/20°C) 


0.804-0.808 


Fraction of distillate (79.0-80.5°C) (v/v %) 


97 or more 


Refractive index no 0 


1.378-1.381 


Moisture (%) 


0.1 or less 


Nonvolatile matter (%) 


0.001 or less 


Acid 


Within limit (about 0.005% or less as CH3COOH) 


Alkali 


Within limit (about 0.001% or less as NH3) 


Permanganate reducing substance 


Within limit 


Sulfuric acid coloring substance 


Within limit 
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Test method 

Methyl ethyl ketone shall be tested in accordance with the methods described in the following. 

5 (1) Appearance of aqueous solution, within limit 

Methyl ethyl ketone (5 ml) + water (-> 25 mf) — clear and transparent 
(2) Specific gravity (20/20°C), 0.804-0.808 

This is determined according to 3.2.1 of JIS K 0061 (method of determination of specific gravity of chemical 
products) 

10 (3) Fraction of distillate (79.0-80. 5°C). 97 v/v % or more 

This is determined according to 3.2. of JIS K 0066 (method of distillation test of chemical products). (4) Refrac- 
tive index n o , 1 .378-1 .381 

This is determined according to JIS K 0062 (method of determination of refractive index of chemical products). 

(5) Moisture, 0. 1% or less 

15 Methyl ethyl ketone ( 1 0 g, about 1 2 ml) -» determination according to 2. 1 (4)(a) of J IS K 0068 (method of testing 

moisture in chemical products), with the exception that 12 ml of pyridine-ethylene glycol mixture (10 ml of pyridine 
+ 2 ml of ethylene glycol) is used in place of about 25 ml of methanol (for Karl Fischer's reagent). 

(6) Nonvolatile matter, 0.001% or less 

Methyl ethyl ketone (1 00 g, about 1 24 ml) -> evaporation to dryness on water bath -> drying at 1 1 0°C — resi- 
20 due: 1 mg or less 

(7) Acid, within limit (about 0.005% or less as CH 3 COOH) 
"Alkali" specified in (8) below shall be tested simultaneously. 

Methyl ethyl ketone (25 ml) is placed in a 300-ml universal ground glass joint conical flask to which nitrogen 
was passed beforehand for about 2 minutes to replace air. Water (200 ml) free from carbonic acid is added thereto 
25 (quicWy). A bromothymol blue solution (0.04 w/v %) for pH test (6 drops) is added. The resulting solution is neutral- 
ized with N/20 sodium hydroxide solution or N/20 hydrochloric acid while passing nitrogen over the liquid surface 
until the color of the solution reaches the intermediate color 1 ) (namely, the color of buffer solution of pH 6.8). Then, 
methyl ethyl ketone (20 g, about 25 ml) is added and the resulting solution is tested as follows. 

30 (a) When the solution shows a color in the range from the intermediate color 1 ) to an acidic color (yellow color): 

a N/20 sodium hydroxide solution (0.34 ml 2 )) is added to the solution while passing nitrogen over the solu- 
tion surface. — The resulting solution shall show a color in the range from the intermediate color 1 ) to the 
alkaline color (blue color) 

35 

(b) When the solution shows a color in the range from the intermediate color 1 * to an alkaline color (blue color): 

a N/20 hydrochloric acid (0.24 ml 2 )) is added to the solution while passing nitrogen over the solution sur- 
face. — The resulting solution shall show a color in the range from the intermediate color 1 ) to an acidic 
AO color (yellow color). 



Note: 

45 1) The color developed when a buffer solution (225 ml) of pH 6.8 specified in 16.2 (d) of JIS K 8004 (gen- 

eral methods for testing reagent chemicals) is placed in the same vessel as described in the test [in the 
operation of (a) or (b), 25 ml of the buffer solution are further added] and the bromothymol blue solution for 
pH test (0.04 w/v %) (6 drops) is added thereto. 

2) The solutions are added by using a micro-buret of a minimum graduation of 0.01 ml. 

50 

Remarks for reference: 

One milliliter of N/20 sodium hydroxide solution corresponds to 0.0030 g of CH3COOH. 
One milliliter of N/20 hydrochloric acid corresponds to 0.00085 g of NH3. 



55 



(8) Alkali, within limit (about 0.001% or less as NH3) 
"Alkali" is tested simultaneously with "acid" of (7) above. 

(9) Permanganate reducing substance, within limit 
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Methyl ethyl ketone (30 ml) + N/10 potassium permanganate solution (0.5 ml) -> shaking -> standing at about 
1 5°C for 10 minutes — The mixture shall keep a pink color. 
(10) Sulfuric acid coloring substance, within limit 

Methyl ethyl ketone (5 ml) -> Cooling to 10°C + sulfuric acid (95%) (5 ml) cooled at 10°C -> Standing at 10°C 
5 for 5 minutes — The mixture shall show a color not deeper than the cdorimetric standard solution K specified in 
JISK8004. 

Claims 

10 1 . A process for producing phenol and methyl ethyl ketone from sec-butylbenzene used as the starting material which 
comprises the following steps: 

an oxidation step (A): a step of oxidizing sec-butylbenzene to obtain an oxidation reaction liquid comprising 
sec-butylbenzene hydroperoxide as the main component, 
is a concentration step (B): a step of concentrating the oxidation reaction liquid by cfistillation to obtain from the 

column bottom a bottom liquid comprising sec-butylbenzene hydroperoxide as the main component and from 
the column top a distillate comprising sec-butylbenzene as the main component and recycling the distillate to 
the oxidation step (A), 

a decomposition step (C): a step of bringing the bottom liquid of the concentration step (B) into contact with an 
20 acidic catalyst to decompose sec-butylbenzene hydroperoxide thereby to obtain a decomposition liquid con- 

taining phenol and methyl ethyl ketone, 

the first neutralization step (D): a step of neutralizing the decomposition liquid with an aqueous alkali solution, 
separating the resulting liquid mixture into an oil layer and an aqueous layer, and recycling a part of the aque- 
ous layer to the neutralization step (D), 
25 the first distillation step (E): a step of subjecting the oil layer obtained in the first neutralization step (D) to dis- 

tillation to obtain a bottom liquid comprising phenol as the main component and a distillate comprising methyl 
ethyl ketone as the main component 

an alkali-washing step (F): a step of washing the distillate obtained in the first distillation step (E) with an aque- 
ous alkali solution to remove carboxylic acids, carboxyiic acid esters, unsaturated ketones, and aldehydes, and 
30 then separating the resulting liquid mixture into an oil layer and an aqueous layer, 

the second neutralization step (G): a step of neutralizing the oil layer obtained in the alkali-washing step (F) and 
then separating the resulting liquid mixture into an oil layer and an aqueous layer, 

the first purification step (H): a step of subjecting the oil layer obtained in the second neutralization step (G) to 
an azeotropic distillation using an entrainer to obtain a bottom liquid comprising methyl ethyl ketone as the 
35 main component and an overhead liquid containing water, and 

the second purification step (Q: a step of distilling the bottom liquid obtained in the first purification step (H) to 
recover methyl ethyl ketone as a bottom liquid and recycling a overhead liquid to the alkali-washing step (F). 

2. The process according to claim 1 which further comprises the following step interposed between the second neu- 
40 tralization step (G) and the first purification step (H): 

a washing step: a step of washing the oil layer obtained in the second neutralization step (G). 

3. The process according to claim 1 wherein in the first purification step (H) a liquid mixture containing water, acetone, 
45 and ethanol is removed from the column top. 

4. The process according to claim 3 wherein the entrainer is hexane, cyclohexane, or heptane 

5. The process according to claim 1 wherein the second purification step (I) comprises the following steps: 

50 

the second distillation step (la): a step of distilling the bottom liquid obtained in the first purification step (H) to 
remove a tarry substance containing 3-methyl-3-buten-2-one as the bottom liquid, and 
the third distillation step (lb): a step of distilling the overhead liquid obtained in the second distillation step (la) 
to recover methyl ethyl ketone, and recycling the newly obtained overhead liquid to the alkali-washing step (F). 

55 

6. The process according to daim 1 wherein the pH of the oil layer in the alkali-washing step (F) is 7-14. 

7. The process according to claim 1 wherein the weight ratio of the oil layer to the aqueous layer in the alkali-washing 
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step (F) is 0.5-10. 
Patentanspruche 

5 1. Verfahren zur Herstellung von Phenol und Methyiethytketon aus sek.-Butylbenzol, das als das Ausgangsmaterial 
verwendet wird, das die folgenden Schritte umfaBt: 

einen OxkJationsschritt (A): ein Schritt des OxkJierens von sek-Butylbenzol, wobei eine Oxidationsreaktions- 
flQssigkeit, umfassend sek-Butytbenzolhydroperoxid als die Hauptkomponente, erhalten wird, 
einen Konzentrierungsschritt (B): ein Schritt des Konzentrierens der OxkJationsreaktionsflussigkeit durch 
Destination, wobei von dem Kotonnenboden eine Bodenflussigkeit umfassend sek.-Butylbenzolhydroperoxid 
als die Hauptkomponente, und von dem Kolonnenkopf ein Destillat, umfassend sek.-Birry (benzol als die Haupt- 
komponente, erhalten werden, und Zuruckfuhrens des Destillats in den OxkJationsschritt (A), 
einen Spartungsschritt (C): ein Schritt des Kontaktierens der Bodenflussigkeit des Konzentri erungsschrittes 
(B) mit einem sauren Katalysator zur Spartung des sek.-Butylbenzolhydroperoxids, wodurch eine Phenol und 
Methylethyiketon enthartende Spartungsflussigkeit erhalten wird, 

den ersten Neutral isatbnsschritt (D): ein Schritt des Neutralisierens der Spartungsflussigkeit mit einer wflBri- 
gen LOsung einer Alkalilauge, Auftrennens des resultierenden RQssigkeitsgernisches in eine Olschicht und 
eine waBrige Schicht und Zuruckfuhrens eines Teite der waBrigen Schicht in den Neutral isatransschritt (D), 
den ersten Destillationsschritt (E): ein Schritt der Destination der in dem ersten Neutralisationsschritt (D) erhal- 
tenen Olschicht, wobei eine Bodenflussigkeit umfassend Phenol als die Hauptkomponente, und ein Destillat, 
umfassend Methylethyiketon als die Hauptkomponente, erhalten werden, 

einen Waschschritt mit Alkalilauge (F): ein Schritt des Waschens des in dem ersten Destillationsschritt (E) 
erhaltenen Destillats mit einer waBrigen LOsung einer Alkalilauge, wobei Carbonsauren, CarbonsAureester, 
ungesattigte Ketone und Aldehyde entfernt werden, und anschlieBenden Auftrennens des resultierenden Flus- 
sigkeitsgemisches in eine Olschicht und eine waBrige Schicht, 

den zweiten Neutralisationsschritt (G): ein Schritt des Neutralisierens der in dem Waschschritt mit Alkalilauge 
(F) erhaltenen Olschicht und anschlieBenden Auftrennens des resultierenden Flussigkeitsgemisches in eine 
Olschicht und eine waBrige Schicht 

den ersten Reinigungsschritt (H): ein Schritt der azeotropen Destination unter Verwendung eines Schleppers 
der in dem zweiten Neutralisationschritt (G) erhaltenen Olschicht, wobei eine Bodenflussigkeit umfassend 
Methylethyiketon als die Hauptkomponente, und eine Wasser enthaltende Kopfflussigkeit erhalten werden, 
und 

den zweiten Reinigungsschritt (I): ein Schritt des Destillierens der in dem ersten Reinigungsschritt (H) erhalte- 
nen Bodenflussigkeit, wobei Methylethyiketon als Bodenflussigkeit gewonnen wird. und Zuruckfuhrens einer 
Kopfflussigkeit in den Waschschritt mit Alkalilauge (F). 

2. Verfahren nach Anspruch 1 , das ferner den folgenden. zwischen dem zweiten Neutralisationsschritt (G) und dem 
ersten Reinigungsschritt (H) eingeschobenen Schritt umfaBt: 

40 

einen Waschschritt: ein Schritt des Waschens der in dem zweiten Neutralisatbnsschritt (G) erhaltenen 
Olschicht 

3. Verfahren nach Anspruch 1 , wobei in dem ersten Reinigungsschritt (H) ein Russigkertsgemrsch aus Wasser, Ace- 
45 ton und Ethanoi aus dem Kolonnenkopf entfernt wird. 

4. Verfahren nach Anspruch 3, wobei der Schlepper Hexan, Cyclohexan oder Heptan ist 

5. Verfahren nach Anspruch 1 , wobei der zwerte Reinigungsschritt (I) die folgenden Schritte umfaBt: 

50 

den Zweiten Destillationsschritt (la): ein Schritt des Destillierens der in dem ersten Reinigungsschritt (H) erhal- 
tenen Bodenflussigkeit, wobei eine teerartige Substanz, die 3-Methyt-3-buten-2-on enthait, als Bodenflussig- 
keit entfernt wird, und 

den dritten Destillattonsschrrtt (lb): ein Schritt des Destillierens der in dem zweiten Destillationsschritt (la) 
55 erhaltenen Kopfflussigkeit. wobei Methylethyiketon gewonnen wird, und Zuruckfuhrens der erneut erhaltenen 

Kopfflussigkeit in den Waschschritt mit Alkalilauge (F). 

6. Verfahren nach Anspruch 1, wobei der pH-Wert der Olschicht in dem Waschschritt mit Alkalilauge (F) 7-14 ist. 
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7. Verfahren nach Anspruch 1 , wobei das Gewichtsverhaltnis der Otechicht zu der wa6rigen Schicht in dem Wasch- 
schritt mit Alkalilauge (F) 0,5-10 ist 

Revendications 

1 . Precede de production de phenol et de rnethvlethylcetone a partir de see-butylbenzene utilise comme produit de 
depart, qui comprend les stapes suivarrtes : 

une etape d'oxydation (A) : une etape consistant a oxyder du sec-butylbenzene pour obtenir un liquide de reac- 
tion d'oxydation comprenant de l*hydroperoxyde de sec-butylbenzene comme composant principal, 
une etape de concentration (B) : une etape consistant a concentrer ie liquide de reaction d'oxydation par dis- 
tillation, permettant d'obtenir, provenant du fond de la colonne, un liquide de fond comprenant de I'hydrope- 
roxyde de sec-butylbenzene comme composant principal, et provenant de la tete de la colonne, un distillat 
comprenant du sec-butylbenzene comme composant principal, et a recyder le distillat vers I'etape d'oxydation 

(A) . 

une etape de decomposition (C) : une etape consistant a mettre le liquide de fond de I'etape de concentration 

(B) en contact avec un catalyseur acide pour decomposer I'hydroperoxyde de sec-butylbenzene en obtenant 
ainsi un liquide de decomposition contenant du phenol et de la methyl etnyicetone, 

la premiere etape de neutralisation (D) : une etape consistant a neutraliser le liquide de decomposition avec 
une solution atcaline aqueuse, a separer le melange liquide resultant en une phase huileuse et une phase 
aqueuse, et a recyder une partie de la phase aqueuse vers I'etape de neutralisation (D), 
la premiere etape de distillation (E) : une etape consistant a soumettre la phase huileuse obtenue dans la pre- 
miere etape de neutralisation (D) a une distillation, pour obtenir un liquide de fond comprenant du phenol 
comme composant principal et un distillat comprenant de la rnethvlethylcetone comme composant principal, 
une etape de lavage basique (F) : une etape consistant a laver le distillat obtenu dans la premiere etape de 
distillation (E) avec une solution alcaline aqueuse pour eliminer les acides carboxyliques, les esters d'acide 
carboxylique, les cetones insaturees. et les aldehydes, et ensuite a separer le melange liquide resultant en une 
phase huileuse et une phase aqueuse, 

la seconde etape de neutralisation (G) : une etape consistant a neutraliser la phase huileuse obtenue dans 
I'etape de lavage basique (F) et ensuite a separer le melange liquide resultant en une phase huileuse et une 
phase aqueuse, 

la premiere etape de purification (H) : une etape consistant a soumettre la phase huileuse obtenue dans la 
seconde etape de neutralisation (G) a une distillation azeotropique utilisant un entraineur, pour obtenir un 
liquide de fond comprenant de la rnethvlethylcetone comme composant principal et un liquide de tete conte- 
nant de I'eau, et 

la seconde etape de purification (I) : une etape consistant a distiller le liquide de fond obtenu dans la premiere 
etape de purification (H) pour recuperer de la rnethvlethylcetone comme liquide de fond, et a recyder un liquide 
de tete vers I'etape de lavage basique (F). 

40 2. Precede selon la revendication 1 qui comprend en outre I'etape suivante intercaiee entre la seconde etape de neu- 
tralisation (G) et la premiere etape de purification (H) : 

une etape de lavage : une etape consistant a laver la phase huileuse obtenue dans la seconde etape de neu- 
tralisation (G). 

45 

3. Precede selon la revendication 1 dans lequel dans la premiere etape de purification (H), un melange liquide con- 
tenant de I'eau, de I'acetone et de I'ethanol est extra'rt en tete de colonne. 

4. Precede selon la reverxficatfon 3 dans lequel I'entraineur est de Chexane, du cyclohexane, ou de meptane. 

50 

5. Precede selon la revendication 1 dans lequel la seconde etape de purification (0 comprend les etapes suivarrtes : 

la seconde etape de distillation (la) : une etape consistant a distiller le liquide de fond obtenu dans la premiere 
etape de purification (H) pour extraire une substance goudronneuse contenant de la 3-methyl-3-buten-2-one 
55 sous forme du liquide de fond, et 

la troisieme etape de distillation (lb) : une etape consistant a distiller le liquide de tete obtenu dans la seconde 
etape de distillation (la) pour recuperer de la rnethvlethylcetone, et a recyder le liquide de tete nouvellement 
obtenu vers I'etape de lavage basique (F). 
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Precede seton la revendication 1 dans lequel le pH de la phase huileuse dans Tetape de lavage basique (F) est 
compris entre 7 et 14. 

Procede selon la revendication 1 dans lequel le rapport en po'ds de la phase huileuse a la phase aqueuse dans 
I'etape de lavage basique (F) est compris entre 0,5 et 10. 
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